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A generd route for the synthesis of opticaly active unhindered aliphatic alcohols, where the steric demands
between two akyl groups adjacent to the carbinol are similar, with high enantiomeric purity has been
developed by sulfoxifation of chiral f-hydroxy sulfides, followed by akylation and desulfurization.
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Introduction

Some optically active unhindered secondary diphatic
acohols are extremely important as naturaly occurring
biologically active substances. For examples, opticaly active
3-octanol,* 2-methyl-4-heptanol,> 2-methyl-4-octanol,” 2-
dodecanol® and acetates of 2-tridecanol* and 2-penta-
decanol® are founded as their pheromones in various species
of the insect kingdoms, such as Myrmica scabrinodis,
Crematogaster castanea, C. liengmei, C. auberti, Metamasius
hemipterus, Drosophilia mulleri, and Drosophilia busckii.
One of the smplest methods for obtaining these alcohols
may be asymmetric reduction of prochiral ketones. A variety
of highly efficient catalytic and stoichiometric asymmetric
reducing agents for the reduction of prochira ketones have
been extensively reported.® However, most of these reagents
provided high enantioselectivity for aryl or hindered alkyl
methyl ketones (R = aryl, t-Bu, or cyclohexyl in RCOMe)
where there is enough steric bias. Quite rare success has
been published for the reduction of unhindered diakyl
ketones where the steric demands between two alkyl groups
adjacent to the carbonyl are similar. Until now, only few
asymmetric reducing agents, namely, NB-Enantride,” Eapine-
Hydride® and (RR)- or (S9-2,5-dimethylborolane,’ have
been successfully used for the reduction. On the other hand,
chira B-hydroxy sulfides and their sulfoxides are widely
used as starting materias for the synthesis of a variety of
chiral intermediates.'® Recently we reported the synthesis of
non-racemic epoxides and 1,2-diol starting from chira (-
hydroxy sulfides™ Also, we have successfully achieved the
highly enantioselective synthesis of optically active insect
pheromones, such as (R)- and (§)-3-octanal, (R)-2-methyl-4-
heptanol, (R)-2-methyl-4-octanol and (R)-2-dodecanol, by
sulfoxidation of chiral B-hydroxy sulfides, followed by
akylation and desulfurization.*? In our continuing programs
for applications of oxazaborolidine-catalyzed asymmetric
reduction, we developed a genera route for the synthesis of
optically active unhindered aiphatic secondary alcohols
from chira [-hydroxy sulfides using this methodology.

Results and Discussion

Firgt, we set up our experiments for preparation of three
types of dialkyl carbinols RiCHOHCH,R;, where Ry = 1° or
2° dkyl, R, = H for type | (runs 1-4, Table 1), Ry, R, = 1°
alkyl for type Il (runs 5-9), and R; = 2° dkyl, R, = 1° akyl
for type 1l (runs 10-13). Asshown in Scheme 1, weinitialy
carried out asymmetric borane reduction of these types of
ketones using (S)-CBS-oxazaborolidine (7) and N-ethyl-N-
isopropylaniline borane complex (8) as catalyst and borane
carrier, respectively, which is one of the most promising
chira reducing agents to provide high enantioselection for
the reduction of various prochiral ketones® (Method A). For
the reduction of ketonesintypel, al the reduction examined
gave moderate enantiosdlectivity (60-64% ee) except for the
case of cyclohexyl methyl ketone (1d) (98% e€) as expected
(runs 1-4). In the case of ketonesin type Il, the reduction of
2-methyl-4-heptanone (1€) provided (R)-2-methyl-3-hep-
tanol with 18% ee (run 5). The reduction of 3-octanone (1g)
and 3-decanone (1i) afforded the (R)-enriched corresponding
alcohols with 61% ee and 59% ee, respectively (rune 7 and
9). For the reduction of ketonesin type Ill having a similar
steric bias between two akyl groups afforded low enantio-
selectivity, such as 2% ee for 2-methyl-2-hxanone (1j) (run
10) and 18% ee for cyclohexyl ethyl ketone (Im) (run 13).
The results are summarized in Table 1. Next, we examined
an aternative route of the synthesis of optically active those
unhindered aliphatic acohols using non-racemic B-hydroxy
sulfides 4 as starting materials, which are prepared from the
7-catalyzed reduction of S-keto sulfides according to our
previous procedure’*®® (Method B). The reduction of
relatively unhindered 3-keto sulfides, such as Ry = i-Bu (3a),
n-C5H11 (3b), and n-C7H15 (3C) in R]_COCHzS-tO'y-p,
provided the corresponding product acohols 4 with 74-81%
ee. In contrast, the cases of R; = ¢-CgH11 (3d) and i-Pr (3€)
afforded 99% and 88% ee, respectively. Enantiomeric
purities of 4 obtained were determined by HPLC andysis
using a 25 cm Whelk-O1 or Chiralcel OD-H chiral column.
Optical purities of the resulting acohols with 74-88% ee
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Scheme 1

(4a-c and 4e) were improved to 95-98% ee by recrystalli-
zation of their 3,5-dinitrobenzoates in appropriate solvents
(Table 2). Chiral B-hydroxy sulfoxides 5 obtained in 93-96%
yield from oxidation of 4 with m-chloroperbenzoic acid in
dichloromethane were alkylated with Mel, Etl, or n-Prl in
the presence of excess n-BuLi in THF at -78 °C to give the
corresponding a-alkylated sulfoxides 6 in 72-90% yield.
Findly, treatment of 6 with Raney-nickel in methanol at
room temperature'® provided optically active diphatic
alcohols 2 with high enantiosdlectvity in 90-93% yield.
During sulfoxidation, alkylation and desulfurization,
racemization was not observed. It is particularly noteworthy
that method B provides very high optically active diakyl
carbinols of type Il and Ill where the steric demands
between two akyl groups adjacent to the carbinol are very
similar. Of the chira aiphatic acohols obtained, (R)-2-

methyl-4-hepanol (2€) and (R)-2-methyl-4-octanol (2f) are
identified as the male-produced aggregation pheromones of
the West Indian sugarcane weevils Metamasius hemipterus?
and (R)-3-octanol (2g) is the sex attractant pheromone of
Myrmica scabrinodis.*

Conclusions

We have established a general and convenient route for
synthesis of optically active aiphatic acohols, having a
similar steric bias between two alkyl groups adjacent to the
carbinol group, with very high enantiomeric purity starting
from non-racemic B-hydroxy sulfides. This methodology
was utilized for synthesis of optically active insect phero-
mones, such as (R)-2-methyl-4-hepanol, (R)-2-methyl-4-
octanol and (R)-3-octanol.
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Table 1. Preparation of optically active aliphatic alcohols 2
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Ri:CHOHCH:R: (2) Method A? Method B®
Type Run Compd - - -
R1 Rz Yield® % ee Yidd? [a] (c, solvent) % ee Config.®

1 i-Bu H 2a 97 64 85 g og' R

2 n-CsHu H 2b 96 60’ 82 -9.49 (0.95, CHCl>) 96' R

3 n-C7His H 2c 98 62" 85 —6.91 (1.1, CHCly) 96" R

4 c-CeHu H 2d 98 o8 93 +11.59 (2.23, CCls) 99 R

5 i-Bu Et 2e 96 18 64 —-12.24 (0.4, MeOH) 98 R

6 i-Bu n-Pr 2f | 62 -11.95 (0.45, MeOH) 99 R

I 7 n-CsHi1 Me 29 97 61 76 —6.53(1.21, CHCl3) 96' R
8 n-CsHi1 n-Pr 2h | 63 —-3.17 (0.4, CCly) 97 R

9 n-C7His Me 2i 96 59" 66 —8.29 (0.59, CHCl3) 96" R

10 i-Pr Et i 94 2N 62 +28.2 (0.95, CHCl3 a7 R

m 11 i-Pr n-Pr 2k | , 56 +25.52 (1.15, EtOH) 97‘_‘ R
12 ¢c-CeH1z Me 2l 98 18 74 +7.23 (0.68, CHCl5) 99 R

13  cCeHu n-Pr 2m I 67 +14.25 (1.93, CHCl3) 99" R

Method A =[1] : [(9-7] : [8] =1:0.1: 1.0, THF, 25 °C. "Method B = The product alcohols 2 were prepared from optically active 4, see experimental
section. CIsolated yield. YIsolated overal yield from 3. ®By comparison with those reported in literature. ‘By GC analysis using chiral G-TA (Astec)
column. 9Not determined. "By GC analysis of its acetate using chiral 8-Dex (Supelco) column. By GC analysis using chiral a-Dex (Supelco) column.
By HPLC analysis of its benzoate using Chiralpak OT (Daicel) column. By comparison of optical rotation value reported. 'Reaction was not carried

out.

Table 2. Preparation of opticaly active 4

Before upgrade? After upgrade®
Cpd VYied(%) Yee Yield (%) %ee Confg.
4a 98° 81° 80c 98° S
4b 97° 74 62c 96° S
4c 98 744 80 961 S
4e 97 8ged 87 ogd S

3] :[(9-7] :[8] =1:0.1:1, THF, 25 °C. "By recrystallization of their
3,5-dinitrobenzoates. “Data taken from ref. 12. “Determined by HPLC
analysis using a Whelk-O1 chiral column.

Experimental Section

General. All operations with air-sensitive materials were
carried out under a nitrogen atmosphere in oven-dried
glassware. Liquid materials were transferred with a double-
ended needle. The reactions were monitored by TLC using
slica gel plates and the products were purified by flash
column chromatography on silica gd (Merck; 230-400
mesh). NMR spectrawere recorded at 200, 300 or 400 MHz
for *H and 50, 75 or 100 MHz for °C using M&;Si as the
interna standard in CDCls. Optical rotations were measured
with a high resolution digital polarimeter. Melting points
were uncorrected. Enantiomeric excesses (e.es) of the
products were determined by HPLC analyses using a 4.6 x
25 mm Whelk-O1 (Regis), Chiralpak OT or Chiralcel OD-H
(Daicdl) chiral column and GC anadlysis using a 0.25 mm x
30 m a-Dex 120 (Supelco), F-Dex 120 (Supelco) or G-TA
(Astec) chiral capillary column.

Materials. Most of organic compounds utilized in this
study were commercial products of the highest purity. They
were further purified by digtillation when necessary. THF
was distilled over sodium benzophenone ketyl and stored in

ampules under nitrogen atmosphere. The CBS reagent 7 and
N-ethyl-N-isopropylaniline-borane complex 8 were pur-
chased from the Aldrich Chemical Company, Inc. 3-Keto p-
tolylsulfides 3 were prepared by reaction of 2-hao-1-
alkylethanones with the corresponding sodium akyl or
arylthiolates according to the known procedure.’®

Preparation of 2Using Method A.

General procedure: To asolution of (§)-7 (0.2 mmol; 0.2
M, 1.0 mL) in THF was added a solution of N-ethyl-N-
isopropylaniline-borane complex 8 (2.0 mmal; 2.0 M, 1.0
mL) in THF. To thiswas added slowly 2 mL of THF solution
of 1 (2 mmol) over aperiod of 1.5 h using a syringe pump at
25 °C. After the addition, the reaction mixture was stirred for
10 min, quenched cautiously with methanol (0.5 mL), and
stirred for additional 30 min. The solvent was evaporated
under reduced pressure. The crude acohols (2) obtained
were further purified by a flash column chromatography on
silicagel (230-400 mesh) using ethyl acetate/hexane (1/4) as
eluent. Enantiomeric purities of 2 were determined by GC of
HPLC analysisusing chiral columns (videinfra). The results
are summarized in Table 1.

Preparation of 2 Using Method B.

Asymmetric borane reduction of B-keto sulfides (3)
using 7 as catalyst: The reduction of 3c is representative.
Using the same procedure, crude (S)-(+)-1-(p-tolylsulfanyl)-
2-nonanol (4c) was obtained in nearly quantitative yield. It
was further purified by a flash column chromatography on
silicagel (230-400 mesh) using ethyl acetate/hexane (1/4) as
duent: R 0.42 (EtOAc/hexane 1:4); mp 27-28 °C; 97%
yield; IR (neat, cm™): 3417, 2927, 1493, 803; *H NMR (200
MHz, CDCl3) 6 0.87 (t, 3H, J = 6.26 Hz), 1.25-1.61 (m,
12H), 2.32 (s, 3H), 2.46 (d, 1H, J=3.36 Hz), 2.78 (dd, 1H, J
= 8.85, 13.74 Hz), 3.10 (dd, 1H, J = 3.36, 13.43 Hz), 3.61
(m, 1H), 7.11(d, 2H, J=8.24 Hz), 7.31(d, 2H, J = 7.94 Hz);
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3C NMR (50 MHz, CDCl3) & 14.73, 21.67, 23.27, 26.32,
29.83, 30.21, 32.42, 36.69, 43.62, 69.84, 130.54, 131.57,
132.04, 137.57; Calcd. for CigH260S: C, 72.12; H, 9.84; S,
12.03. Found: C, 72.13; H, 9.85; S, 12.07; [a] éo +32.34 (c
0.97, CHCl3), S HPLC andysis using a Whelk-O1 chiral
column [iso-PrOH/hexane: 1/99; flow rate: 0.3 mL/min;
detector: 254 nm] showed it to be 74% ee [tr(S 25.90 min
and tr(R) 27.96 min]. Opticaly active S-hydroxy sulfides,
such as (9-4a with 81% ee, (S)-4b with 74% ee, (9-4d with
99% ee, and (9-4a with 88% ee, were obtained from the
known method.*®

Improvement of optical purities of 4a-c and 4e. Using
our previous procedure,’? optical purities of 4c and 4e were
upgraded by recrystallization of their 3,5-dinitrobenzoates,
followed by hydrolysis with 2 N-NaOH as follow. To a
mixture of 4c or 4e (5 mmol) and TMEDA (5 mmoal) in
dichloromethane (20 mL) was added a solution of 3,5
dinitrobenzoyl chloride (7.5 mmoal) in dichloromethane (20
mL) containing 2 drops of THF and the mixture was stirred
at room temperature for 12 h. To this was added a saturated
NaHCO; solution (20 mL) with vigorous stirring. Organic
layer was separated and then agqueous layer was extracted
with dichloromethane (3 x 20 mL). Combined extract was
dried over anhydrous N&SO., filtered and concentrated to
give 4c or 4'e in nearly quantitative yields. The edters
obtained were recrystallized from ethyl acetate-hexane.

Compound 4'c. 96% yield; light yellow solid; mp 49-50
°C; IR (KBr, cm™): 2980, 1728, 1545, 1344, 1273, 1167,
1076; *H NMR (200 MHz, CDCl3) 0.86 (t, 3H, J = 6.41
Hz), 1.25-1.38 (m, 10H), 2.22 (s, 3H), 3.23 (d, 2H, J =5.8
Hz), 5.36 (m, 1H), 6.97 (d, 2H, J=7.94 Hz), 7.27 (d, 2H, J =
7.94 Hz), 8.95 (d, 2H, J = 2.14 Hz), 9.18 (t, 1H, J = 2.14
Hz); C NMR (50 MHz, CDCl3) & 14.69, 23.24, 25.92,
29.71, 19.91, 32.35, 34.01, 39.09, 77.49, 122.80, 130.06,
130.48, 131.61, 132.42, 134.55, 137.56, 149.18, 162.71;
Calcd. for Cx3H2sN206S: C, 59.98; H, 6.13; N, 6.08; S, 6.96;
Found: C, 59.92; H, 6.09; N, 6.19; S, 7.04; Single
recrystallizaton of this ester with 74% ee from ethyl ether
provided 4'd with 96% ee in 80% yidd; [a]% +114.26 (c
0.97, CHCl3), S HPLC andysis using a Whelk-O1 column
[iso-PrOH/hexane; 1/9; flow rate: 1.0 mL/min; detector: 254
nm] showed it to be 96% ee [tr(R) 10.96 min and tr(S) 11.91
min].

Compound 4'e. 97% yield; light yellow solid; mp 121-
123 °C; IR (KBr, cm™): 2977, 1734, 1542, 1343, 1271,
1167, 1141; '"H NMR (200 MHz, CDCl3) §1.01 (d, 6H, J =
6.71 Hz), 2.15-2.24 (m, 3H), 3.24 (d, 2H, J = 5.8 Hz), 5.22
(g9, 1H, J=6.0Hz), 6.96 (d, 2H, J=7.94 Hz), 7.26 (d, 2H, J
=794 Hz),895(d, 2H, J=214Hz),9.19 (t, 1H,J=2.14
Hz); C NMR (50 MHz, CDCls) & 18.40, 19.28, 31.92,
37.08, 81.66, 122.78, 130.01, 130.48, 131.65, 132.42,
134.53, 137.56, 149.18, 162.74; Calcd. for Ci1gH20N206S: C,
56.42; H, 4.98; N, 6.93; S, 7.93; Found: C, 56.43; H, 5.02;
N, 6.94; S, 7.96; Single recrystallizaton of this ester with
88% ee from ethyl ether provided 4a with 97% ee in 87%
yield; [a]2 +153.8 (c 1.04, CHCl3), S HPLC analysis
using a Whelk-O1 column [iso-PrOH/hexane: 1/99; flow

Byung Tae Cho and Dong Jun Kim

rate: 0.8 mL/min; detector: 254 nm] showed it to be 96% ee
[tr(R) 15.12 min and tz(S 16.05 min]. Using the same
methodology, optical purities of 4'a and 4'b were upgraded
from 81% ee and 74% ee to 96% ee and 98% ee,
respectively.’?

Hydrolysis of 4 and sulfoxidation of 4. Preparation of
5.

Hydrolysis of 4': The ester 4' (5 mmol) recystdlized was
dissolved in methanol (50 mL ), treated with 2 N NaOH (50
mL) and stirred for 20 min at room temperature. After
evgporation of methanol under reduced pressure, residue
was extracted with ethyl ether (3 x 10 mL). The combined
extract was dried over anhydrous MgSO,, filtered and
concentrated to give 4 in nearly quantitative yields. 3
Hydroxy sulfides (4) obtained could be used for sulf-
oxidation (vide infra) without further purification.

Sulfoxidation: To a solution of 4 (4 mmol) in di-
chloromethane (20 mL) was added dropwise a solution of m-
chloroperbenzoic acid (4.4 mmol) in dichloromethane (30
mL) for 10 min at 0 °C. After the mixture was stirred for 30
min a room temperature, organic layer was separated,
washed with 2 N NaOH (2 x 10 mL) and brine (2 x 10 mL),
dried over anhydrous MgSO,, filtered and concentrated to
give B-hydroxy sulfoxide (5), which could be used for
alkylation without further purification. The compounds 5a
and 5b are prepared by the known procedure.*?

(29)-1-[(RY)-p-Toluenesulfinyl]-2-nonanol 5¢c. R 0.32
(EtOAc/hexane 1/1); oil; 92% yield; IR (neat, cm™): 3426,
2931, 1038; *H NMR (300 MHz, CDCl3) & 0.81-0.87 (m,
3H), 1.23-1.68 (m, 12H), 2.43 (s, 3H), 2.65 (dd, 0.45H, J =
1.8 and 13.4 Hz), 2.79 (dd, 0.55H, J= 2.4 and 13.1 Hz), 2.93
(dd, 0.55H, J = 9.2 and 13.1 Hz), 3.02 (dd, 0.45H, J = 9.6
and 13.6 Hz), 3.68 (d, 0.55H, J = 2.75 Hz), 3.77 (s, 0.45H),
4.15 (m, 0.45H), 4.30 (m, 0.55H), 7.35 (d, 2H, J=7.94 H2),
7.50-7.58 (m, 2H); *C NMR (50 MHz, CDCl3) & 14.64,
2215, 23.20, 25.34, 2543, 32.21, 32.30, 37.65, 37.92,
61.63, 63.05, 67.54, 69.63, 124.69, 130.89, 142.27, 142.74;
Calcd. for CigH260.S: C, 68.04; H, 9.28; S, 11.35; Found: C,
68.10; H, 9.22; S, 11.41.

(29)-3-Cyclohexyl-1-[(RS)-p-toluenesulfinyl]-2-ethanol
5d. R 0.31 (EtOAc/hexane 1/1); mp 77-81 °C; 95%yield; IR
(KBr, cm™): 3422, 2956, 1038; 'H NMR (200 MHz, CDCls)
0 0.93-1.81 (m, 11H), 2.43 (s, 3H), 2.69 (dd, 0.49H, J =
13.43, 1.53 Hz), 2.80 (dd, 0.51H, J = 13.13, 2.14 Hz), 2.99
(m, 1H), 3.68 (d, 0.49H, J = 3.66 Hz), 3.78 (d, 0.51H, J =
2.14 Hz), 3.94 (m, 0.49H), 4.07 (m, 0.51H), 7.34 (d, 2H, J =
7.94 Hz), 7.54 (t, 2H, J = 7.94 Hz); *C NMR (50 MHz,
CDCl3) 8 22.05, 22.00, 26.58, 26.65, 26.73, 26.96, 27.01,
28.46, 2854, 29.15, 29.29, 44.25, 4452, 60.31, 61.13,
71.20, 7352, 12521, 131.52, 143.21, 143.92; Cacd. for
CisH20;S: C, 67.63; H, 8.32; S, 12.04; Found: C, 67.47; H,
8.31; S 12.12.

(29)-3-M ethyl-1-[(RS)-p-toluenesulfinyl]-2-butanol  5e.
R 0.19 (EtOAc/hexane 1/1); oil; 93% yield; IR (neat, cm™):
3433, 2928, 1033; *H NMR (300 MHz, CDCl3) & 0.88 (d,
3H,J=4.4Hz),0.92 (d, 1.62H, J= 1.6 Hz), 0.94 (d, 1.38H,
J=16Hz), 1.79 (m, 1H), 2.66 (dd, 0.46H, J=9.0, 1.2 Hz),
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2.77 (dd, 0.54H, J = 8.8, 1.4 Hz), 2.96 (m, 1H), 3.83 (d,
0.46H, J = 2.2 Hz), 3.93 (m, 1H), 4.08 (s, 0.54H), 7.34 (d,
2H, J = 5.2 Hz), 7.49-7.56 (m, 2H). *C NMR (50 MHz,
CDCl3) ¢ 17.81, 18.33, 18.58, 21.93, 34.04, 34.25, 59.56,
71.22,73.74,124.19, 130.28, 130.40, 140.65, 142.31; Calcd.
for Ci2H150.S: C, 63.68; H, 8.02; S, 14.17; Found: C, 63.57;
H, 8.08; S, 14.22.

a-Alkylation of 5. General Procedure!® Under a
nitrogen atmosphere, n-BuLi (5.6 mmol, 2.5 M in hexane)
was added dropwise to 5 (2 mmoal) in anhydrous THF (10
mL) at -78 °C and the mixture was stirred for 30 min at the
same temperature. To this, alkyl iodides (2.2 mmol) was
added dropwise and the resulting mixture was stirred for 30
min at -78 °C, allowed to warm to 20 °C over 2 h, and then
guenched by addition of saturated ammonium chloride (10
mL). The organic layer was separated and the aqueous layer
was extracted with ethyl acetate (2 x 10 mL). The combined
extract was dried over anhydrous N&SO,, filtered and
concentrated to give 6. The crude akylated products
obtained were further purified by aflash column chromatog-
raphy on silicagel (230-400mesh).

(4RS,59)-2-[(RS)-p-Toluenesulfinyl]-5-decanol  6h. R
0.41 (EtOAc/hexane 1/1); oil; 75% yield; IR (neat, cm™):
3401, 3002, 1037; *H NMR (200 MHz, CDCl3) 60.71-1.64
(m, 18H), 2.43 (m, 1H), 2.77 (m, 1H), 4.15 (m, 1H), 4.48 (s,
1H), 7.33(d, 2H, J=7.94 HZ), 7.60 (d, 2H, J = 7.94 Hz); °C
NMR (50 MHz, CDCl3) §14.69, 14.73, 20.73, 22.10, 23.29,
23.81, 2553, 26.41, 26.56, 28.99, 3241, 35.14, 62.52,
70.10, 72.88, 73.04, 126.15, 130.68, 140.93, 142.78; Calcd.
for Cy7H250.S: C, 68.87; H, 9.52; S, 10.82; Found: C, 68.92;
H, 9.47; S, 10.83.

(2RS,39)-2-[(RS)-p-Toluenesulfinyl]-3-decanol  6i. R
0.32 (EtOAc/hexane 1/1); oil; 80% yield; IR (neat, cm™):
3443, 2952, 1044; 'H NMR (300 MHz, CDCl3) 6 0.86-1.40
(m, 18H), 2.41 (s, 1.5H), 2.42 (s, 1.5H), 3.12-3.21 (m,1H),
3.36-3.41 (m, 1H), 3.50 (s, 1H), 7.33 (d, 2H, J = 7.94 H2),
7.60 (d, 2H, J = 8.24 Hz); *C NMR (75 MHz, CDCl3) &
14.54, 21.89, 23.05, 25.25, 29.66, 29.81, 30.09, 30.13,
32.19, 61.54, 64.21, 79.58, 80.11, 124.46, 125.86, 140.85,
142.65; Calcd. for Ci7H250.S: C, 68.87; H, 9.52; S, 10.82;
Found: C, 68.84; H, 9.51; S, 10.78.

(4RS,39)-2-M ethyl-4-[(RS)-p-toluenesulfinyl]-3-hexanol
6]. R 0.32 (EtOAc/hexane 1/1); mp 74-78 °C; 73% yield; IR
(KBr, cm™): 3358, 3044, 1031; *H NMR (200 MHz, CDCl3)
00.87-1.05 (m, 9H), 1.24-1.78 (m, 2H), 1.92 (m, 1H), 2.43
(s, 3H), 2.85 (m, 1H), 4.04 (m, 1H), 4.45 (d, 1H, J = 3.05
Hz),7.34(d, 2H, J=7.94 Hz), 7.62 (d, 2H, J = 8.24 Hz); °C
NMR (50 MHz, CDCl3) §11.04, 15.44, 20.57, 21.96, 30.46,
69.20, 75.70, 125.64, 130.24, 140.83, 142.52; Calcd. for
CuH20,S: C, 66.10; H, 8.72; S, 12.61; Found: C, 66.20; H,
9.77; S, 12.57.

(4RS,39)-2-M ethyl-4-[(RS)-p-toluenesulfinyl]-3-heptanol
6k. R 0.33 (EtOAc/hexane 1/1); ail; 65% yield; IR (nest,
cm™): 3374, 2958, 1022; '*H NMR (300 MHz, CDCls) &
0.84 (d, 2.16H, J = 6.88 Hz), 0.88 (d, 3.84H, J = 6.6 H2),
1.02 (d, 3H, J = 6.88 Hz), 1.24-1.60 (m, 5H), 1.91 (m, 1H),
2.43 (s, 3H), 2.85-2.89 (m, 0.48H), 3.97-4.02 (m, 1H), 4.46
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(d, 0.52H, J = 3.03 Hz), 7.25-7.60 (m, 4H); *C NMR (75
MHz, CDCl3) & 14.68, 15.58, 20.02, 20.57, 21.92, 28.90,
30.57, 68.04, 76.32, 125.28, 125.65, 129.82, 130.19, 140.34,
142.29; Calcd. for CisH240,S: C, 67.12; H, 9.01; S, 11.95;
Found: C, 67.29; H, 9.12; S, 12.02.

(2RS/19)-1-Cyclohexyl-2-[(RS)-p-toluenesulfinyl]-1-pro-
panol 6l. R 0.38 (EtOAc/hexane 1/1); mp 85% yield; IR
(KBr, cm™): 3310, 2925, 1022; 'H NMR (300 MHz, CDCl3)
0 0.92 (d, 3H, J = 6.88 Hz), 1.02-1.80 (m, 11H), 2.42 (s,
3H), 2.87-3.02 (m, 1H), 3.58-3.66 (M, 1H), 3.82 (d, 0.5H), J
=9.08 Hz), 4.44 (d, 0.5H, J=2.20Hz), 7.33(d, 2H, J = 7.94
Hz), 7.60 (d, 2H, J = 8.24 Hz); *C NMR (75 MHz, CDCl5)
0 14.82, 19.80, 21.95, 24.88, 25.97, 26.54, 26.68, 27.01,
30.45, 40.69, 62.91, 124.92, 124.99, 126.11, 129.93, 130.06,
130.16, 138.85, 142.61; Calcd. for Ci6H240,S: C, 68.53; H,
8.63; S, 11.43; Found: C, 68.57; H, 8.62; S, 11.40.

(2RS/19)-1-Cyclohexyl-2-[(RS)-p-toluenesulfinyl]-1-pen-
tanol 6m. R 0.47 (EtOAc/hexane 1/1); oil; 74% vyield; IR
(neat, cm™): 3376, 2967, 1033; 'H NMR (200 MHz, CDCl3)
00.81-1.73 (m, 18H), 2.43 (s, 3H), 2.92 (m, 1H), 3.93 (m,
1H), 4.31(d, 1H, J=3.7 Hz), 7.33(d, 2H, J = 7.94 Hz), 7.60
(d, 2H, J = 8.24 Hz); *C NMR (75 MHz, CDCl3) & 14.85,
20.52, 26.96, 26.75, 26.97, 26.75, 26.97, 27.17, 29.53,
30.93, 41.14, 67.61, 126.08, 130.67, 141.05, 142.66; Calcd.
for CigH280.S: C, 70.08; H, 9.15; S, 10.39; Found: C, 70.12;
H, 9.12; S, 10.41.

Preparation of 2 by desufurization of 6. General
procedure. According to the literature procedure® a
solution of each of 7c and 8-10 (2 mmol) in anhydrous
methanol (10 mL) was added to a suspension of Raney-Ni
(ca 0.3 g) in anhydrous methanaol. After the mixture was
stirred for 6 h at room temperature, The Ni was removed by
filtration on a celite short column. The filtrate was concen-
trated to give the product pheromones 1-4, which were
further purified by a flash chromatography on silica gel
(230-400 mesh).

(R)-4-Methyl-2-pentanol (2a). R 0.42 (EtOAc/hexane
1/4); ail; 90% yidld; IR (neat, cm™): 3432, 2936; 'H NMR
(300 MHz, CDCl3) 60.89 (d, 3H, J = 1.93 Hz), 0.91 (d, 3H,
J=193 Hz), 1.16 (d, 3H, J = 6.05 Hz), 1.21 (m, 1H), 1.41-
1.46 (m, 1H), 1.69-1.76 (m, 1H), 2.88 (brs, 1H), 3.87 (m,
1H); C NMR (75 MHz, CDCl3) & 22.63, 23.30, 24.04,
24.97, 48.77, 65.93; GC anaysis (column temperature: 40
°C, isothermal; carrier gas: He; head pressure: 13 psi, flow
rate: 1 mL/min; detector: FID) using aG-TA column (Astec)
showed it to be 98% ee [tr(R) 7.12 min and tr(S) 7.53 min].

(R)-2-Heptanol (2b). R 0.31 (EtOAc/hexane 1/4); ail; 89
% yield; IR (neat, cm™): 3344, 2956; 'H NMR (300 MHz,
CDCl3) 60.89 (t, 3H, J = 6.60 Hz), 1.19 (d, 3H, J = 6.05
Hz), 1.28-1.53 (m, 9H), 3.78 (m, 1H); *C NMR (75 MHz,
CDCl3) & 1451, 2307, 25.89, 32.23, 39.66, 6851; [a] 2
-9.49 (c 0.95, CHCl3) S {lit.Y’ [a]é +10.21 (CHCl3), R,
>99% ee}. GC andysis (column temperature 40 °C,
isothermal; carrier gas. He; head pressure; 13 psi, flow rate:
1 mL/min; detector: FID) using a G-TA column (Astec)
showed it to be 96% ee [tr(R) 7.24 min and tr(S) 7.69 min].

(R)-2-Nonanoal (2c). R 0.47 (EtOAc/hexane 1/4); ail; 93%
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yidd; IR (neat, cm™): 3394, 2961; 'H NMR (200 MHz,
CDClI3) 0.88 (t, 3H, J = 5.80 Hz), 1.07-1.46 (m, 16H), 3.79
(m, 1H); 3C NMR (50 MHz, CDCl3) 6 14. 73 23.31, 24.12,
26.44, 29.94, 30.28, 3248 40.05, 68.84; [ar]D -6.95(c1.1,
CHCly) S {lit.” [ar]D +7.96 (CHCl3), R, >98% ee}. GC
anaysis of its acetate (column temperature: 130 °C,
isothermal; carrier gas: He; detector: FID) using a 3-Dex
column (Supelco) showed it to be 96% ee [tr(S) 21.07 min
and tr(R) 22.20 min].

(R)-1-Cyclohexylethanol (2d). R 0.29 (EtOAc/hexane
1/4); oil; 95% yield; IR (neat, cm™): 3402, 2925; 'H NMR
(200 MHz, CDCl3) 6 0.86-1.88 (m, 15H), 3.55 (m, 1H); °C
NMR (50 MHz, CDCl3) 621 00, 26.78, 26.87, 27.16, 29.01,
29.34, 45.77, 72. 88 [or]D +11.59 (c 2.23, CCly) as its
acetate, S{lit.° [or]D +10.6 (c 2.23, CCls) R, 97.9% e€}. GC
analysis (column temperature: 75 °C, isothermal; carrier gas:
He; detector: FID) using a a-Dex column (Supelco) showed
it to be 99% ee [tr(R) 43.99 min and tr(S) 45.54 min].

(R)-5-Decanal (2h). R 0.42 (EtOAc/hexane 1/4); ail; 91
% yield; IR (neat, cm™): 3352, 2930; *H NMR (200 MHz,
CDCl3) 6 0.89-1.76 (m, 21H), 3.58 (m, 1H); *C NMR (50
MHz, CDCl3) & 14.71, 23 30, 23.42, 25.98, 28.50, 32.58,
27.83,38.10, 72.67; [a] D 0 317 (c0.4, CCly), probably Shy
analogy based on the sign of optical rotation values of its
analogues, HPLC analysis of its benzoate using a Chiral pak-
OT column (Daicel) (eluent: MeOH; flow rate: 0.3 mL/min;
detector: 254 nm) showed it to be 97% ee [tr(R) 22.65 min
and tr(S) 27.71 min].

(R)-3-Decanal (2i). R: 0.43 (EtOAc/hexane 1/4); oil; 90%
yidd; IR (neat, cm™): 3352, 2958; 'H NMR (200 MHz,
CDClI3) 0 0.85-1.05 (m, 6H), 1.28-1.59 (m, 15H), 3.52 (m,
1H); *C NMR (50 MHz, CDCl3) & 10.51, 14. 73 23 31,
25.33, 29.96, 30.34, 30.80, 32.50, 37.62, 74.01; [or]D -8.29
(c 0.59, CHCI3), probably Shy analogy based on the sign of
optical rotation vaues of its analogues; GC analysis of its
acetate (column temperature: 130 °C, isothermal; carrier gas:
He; detector: FID) using a 3-Dex column (Supelco) showed
it to be 96% ee [tr(S) 27.34 min and tr(R) 28.39 min].

(R)-2-Methyl-3-hexanol (2j). R 0.53 (EtOAc/hexane
1/4); oil; 92% vyield; IR (neat, cm™): 3355,2933; *H NMR
(200 MHz, CDCl3) 60.90 (d, 3H, J =2.40 Hz), 0.93 (d, 3H,
J=2.40Hz), 1.30-1.70 (m, 9H), 3.37 (m, 1H); *C NMR (50
MHz, CDC|3) 0 14.80, 17.71, 19.48, 19.84, 3413 36.96,
36.98; [or]D +28.2 (¢ 0.95, CHCl3), S{lit.*® [a]D -16.8 (c
0.34, CHClIs) S 54% ee}; GC andysis (column temperature:
95 °C, isothermd; carrier gas: He; detector: FID) using a
Dex column (Supelco) showed it to be 97% ee [tr(S) 14.40
min and tr(R) 14.96 min].

(R)-2-Methyl-3-heptanol (2k). R 0.56 (EtOAc/hexane
1/4); oil; 90% yield; IR (neat, cm™): 3362, 2958; 'H NMR
(200 MHz, CDCl3) 60.90 (d, 3H, J =2.44 Hz), 0.93 (d, 3H,
J =275 Hz), 1.31-1.74 (m, 11H), 3.36 (m, 1H); *C NMR
(50 MHz, CDCI3) 015.01, 17.98, 19.80, 23.73, 29.18, 34.38,
34.79; [or]D +25.52 (¢ 1.15, EtOH), R{lit.® [a], -8.86(c
1.06, EtOH) S 36% ee}; GC anaysis (column temperature:
95 °C, isothermd; carrier gas: He; detector: FID) using a
Dex column (Supelco) showed it to be 97% ee [tr(S) 29.55
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min and tr(R) 30.37 min].

(R)-1-Cyclohexyl-1-propanol (21). R 0.53 (EtOAc/
hexane 1/4); oil; 92% yield; IR (neat, cm™): 3402, 2925; 'H
NMR (300 MHz, CDCl3) 4 0.93-1.82 (m, 17H), 3.27 (m,
1H); *C NMR (75 MHz, CDCl3) & 26. 57 26 74, 27.02,
28.06, 28.26, 29.63, 2992 43.41, 77.90; [ar]D +7.2(c0.68,
CHCly), S{lit® [or]D +7.1(c 0.7, CHCl3) R, 99% ee}. GC
analysis (column temperature: 85 °C, isothermal; carrier gas:
He; detector: FID) using a aDex column (Supelco) showed
it to be 99% ee [tr(R) 44.61 min and tr(S) 46.41 min).

(R)-1-Cyclohexyl-1-butanaol (2m). R 0.47 (EtOAc/hexane
1/4); ail; 95% yidld; IR (neat, cm™): 3341, 2926; 'H NMR
(200 MHz, CDCl3) 50.88-1.78 (m, 21H), 3.35 (m, 1H); °C
NMR (50 MHz, CDCl3) §14.72, 23.46, 26.88, 27 05, 27.23,
28.35, 28.79, 29.94, 3447 4423 76.87; [or]D +14.29 (c
1.93, CHCl3), S{lit* [or]D -10.9 (c 1.8, CHCI3) R, 72%
ee}. GC analysis (column temperature: 125 °C, isothermal;
carier gas. He detector: FID) using a [-Dex column
(Supelco) showed it to be 99% ee [tr(S) 91.62 min and tr(R)
93.42 min]. Using the same methodology, 2e with 98% ee,
2f with 99% ee and 2g with 96% ee were prepared.*?
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